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(54) SEMICONDUCTOR LIGHT-EMITTING ELEMENT 

(57)Abstract: 

PURPOSE: To obtain high quality crystals with minimum defects by epitaxially 
growing, on a substrate, crystals having lattice conformity with a substrate. 
CONSTITUTION: A semiconductor light-emitting element consists of a 5^m thick 
N-type InGaN layer 7 grown on an MgO substrate 6 and having lattice conformity 
with the substrate, a 0.5|xm thick light-emitting layer 8 of InGaN doped with Zn to 
increase a resistance and having lattice conformity with the substrate, an electrode 9 
on the light-emitting layer and an ohmic electrode 10 on the N-type layer 7. When a 
positive voltage is applied to the electrode 9 and a negative voltage is applied to the 
electrode 10, the light-emitting layer 8 emits light at a wavelength of 570nm. An 
extremely high external quantum efficiency of 0.45% can be obtained. It can be 
considered that this is because when crystals having a lattice constant matched with 
that of the substrate are grown on the substrate those crystals have higher 
crystallinity. Further, if the InGaN layer used in the element of the present invention 
is doped with aluminum under condition such that it has lattice conformity with the 
substrate, the element is enabled to emit light up to a ultraviolet region of about 
413nm. 
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&t;9eXfk^(COl'TC0S)e^B (GaAs and Related 
CovoundsSRS^B) Vi£^XKyi>^^iZ. Z<Dm'i&0 

T >r r tGaNfctisaiiigjsHar ^> i: V > ^ 31* <^^-e. 

(1) Y.Ohki.Y.Toyoda.H.Robayashi and I.Akasaki: 
Int.Stsp.GaAs and Related Cospounds Japan (19S1) p 
P,479. 

(llfl$:fllftTefcat)(D#a) 

tCft^-g-UT^iftLfelnxGayAlzN {x + y + 2 = l, 

ihktca (GB*Ai,in) mtiS5<Dm&mm^t. ^x'^jv 

4. Jil30iC (001) ffi±(0»^S»t-'<>K:^i'-y:^ 


(2) 1§4^¥6-10 158 7 

4 

x:^;i/^i:(^M^$:3j^r. InN-GaNflD&i;inN-AlN|VI<S!) 

-tn-en^dR (2) At; 

(3) tC<t6. C:CD(a)&*'^)fl6J;^tC. InN.GaN&l/AlN 
20 <7)tt^»^i;i^e>tOli, xe^»*i/ + ;i/^&-r^>» 

Jtt* $:±tf * tiifii^S'r i - 

(2) K.OsaBura et al. rJ.Appl.Phys. ,46 (1975) 34 
32. 

(3) Y.Koide et ai.: J.Appl.Phys. ,61 (1987) 454 
30 0. 

{.x^Ltzms^t^m^otte?^. ^<r®»^tcov> 
(I) (^»^ 

( a ) A^ftaRE9WiS$:^***7cJiLu.Li,Mg,S 
c,Tl,T.&t;c*ie)(07ailC0S««=, tfvniZr^Hf*© 

'^Ur«JiLfcpJ^tti>li:nJ&Ofe»Sfe*U. 
40 l:*|ft»ttT?fe-5InxGayAi2Njl (x + y + 2 = l. 
0Sx.y,2^1) (OT, InGaAlNtSe-f) 
iElt«*x.y,2>!>^|il-«li*Ji:^»0«IMri:. -'^yi^ 

(b) '^;i/*VfttS!«iS&:&L. SaAl3C0,AlN,GaN,In 

teawtfeiusftsfii:, iKna»«±tc»^B^Lfcin 

GaAlNiBi: &=&T4 r 4: ^Sffit-r 

(c) NiAsWig^^U, -7£afl(>aS,Cr5,FeS,FeSx,F 
50 eSex,NbS,NiS,PtB,RhBi.i,TiSa,VP,VS&t;cn^0SlS 
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(d) ^^(OH) «iijfife*rr*-7t;aAPtS2,o 

-TaS«.y-TaSs.TiSi&t;::ne.(;OBD«». «lt»*5t 
L fclnGaAlW* i: &^ 6 3 ^ 1" 

(e) A*afi'<nyx*-r Klliaft*1"4BaTiS.,S 

±K (I) (0»^iCS»^^ (001) ffij&«JE>Jlfcj|«hjl 
£i:CAJIb^InGaAlN(OiK'7-(3DKS(Cl BiCjg^-r. 

(a) (e) (^»$OSfi£:InGaAlN^(^fi^CD« 

a =ao 
(II) <^»^ 

(a) m^L^^C^mm^^L. **7C«A.,U,Pb,Pu,Sc 
t . maeSLhK»^^ U fcInCaAlNW t 6 

(b) ^SL'^t'y^ . 705>r hHitfe^SL, -S* 
^ttH7C;SABe3B.UNgN,LiZnN»UiO,NbHs,ScHa&i;r 

(c) ^U-fXiJ^ Mli6fc*1-4BaThO«,BalK)B,CsC 
aFs»C8lO»»C8PfaF«,RbCaO>,RbIOi&t;mi^(?)SA(|c, 

il«J:k:»mi^l/feIn(3aAlNJi4: t 

±K (II) <^»^tcSv>Tti. (001) mt^i^JLit. S 
^ Sfi±^fiKll L fcInGaAIi4(OR'7-<OEK & 11 2 19 ^ 

a = 2*^»ao 

(in) 

(a) ffi/L^5t«r«liaiWL, m«:7C«Ag.i\l.Au.Mo,P 

(b) ^D-/X^>r SHiS&^S-r^tAgZnFa.BaFeOs.Ba 
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MnOs , BaPbOs , BaSnOs , Ba TiOa . BaZrOs , CaSnO> , CaTiOa , Ca2 
rOa ,CeCrOa , CeFeOs ,CeGa03 . CeVO» , EuFeOs , EuTiOs , FeBiO 
3 , GdFeOa , (MMnOs , KCdFs , KCoFs , KFeFa , KMgFa , RMnFs , RNbO 
a , KNlFa , K TaOa , KZnFa * LaCoOa , LaCrOa , LaFaOa , UGeOa , La 
RhOa , La TiOa . La VOa , UBaFa , NdCrOa , NdFeOs , NdGaOa , Nd VO 
a. o - PbTiOa.FVCrOa.Pif e03,PrGa03,PrMn08,PrV0a,Pu« 
nOa , RbCoFa , RbNnFa , SaCrOa . SaFeOa . SaVOa , SrFeOa , SrHf 0 
a.SrHoOs.SrSnOa.SrTiOa.SrZrOaJaSnOaJlCoFaai^r 

±ie (III) (001) mti^<^^rz. it^titfR± 

a= (3/2) »^»ao 
(IV) 0>*^. 

(a) ^btiiimM^my^. *(*t7t:*Th,Ti&t;rn 

20 t. S!rSE»S±t:tt^B^L./S:InGaAlW)iti#1-«»r 

(b) NaClSWiS^WU, -TCaftCoO.CrN.FeO.LiO, 
LiF.Li'F.U'F.LiH^HgCNbCPdHb.TiCJiN^TiOcVCVC 
o.75,VN.V0c&i;ctV»3(^iI»«E. SElt**7t:*^fS<^ 

tziTCak)}^mh^^i>zt^^t^h^^f^%m 
^. 

(c) CsCLS«igS:Wt, -Tta&CsBr^CsCN^CaNHi. 
CsSH, ThTe , TIBr . TlCl , TICN, TlN.CaTl ,CdCe. CdLa .CdPr ,« 

30 gCe,MgLa.HgPr.MgSr,SrTl,TlBiJlSb&^;c:n'&COBIS 

anBSfiLbCtt^fi-^ L/S:InGaAlN« t i^rt * C i: 

±G (IV) (001) ffi;(n<^^Ac. SfihJCtE± 

^Cfiift U fcInGaAlN(^jW^(OE« JB 4 HtC^K-f . ^ 

a= (3/2) ^^»ao 

(V) 

40 (a) (W^Ii*«|ig&^t. |l(*e7t:*Eu.Sr&i;rn 

gtrSS»ffi±tCtt^8-&LfcInC;aAlN«i:&Wr€>r 

(b) NaClS«lja&«L, -7t;fi4AgF.CaNH.CeN,Dy 
H,ErN,HoN.LuN.NaF.NaH.NbC.NbCo.7,NbNo.9a,NpN,NpO,P 
aO»PuB,PuC,PuN,PuO.ScN.SBO,TaC.TaO,7bNJiN,UC.UN,U 
0,YN.YbN.Yb0,ZrB.ZrC,ZrN,2r0ai/cnioC0Bg*6«S. tL 
(tm<«:7C«'^CaO.CdO,NnD9(Offi0SA^il« L/^ILtS 
flSfia:. «JK»fi±i:tt^7«^LfcInGaAlN«t&« 
50 ri>Ci:S:«»i:-r4itiai«:«3t«^. 
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(c) CsCiSSMiti^L. SAC3l,CsSeH&^cne» 

±E (V) <^»^, (001) mti'^Ktz. »«t3IS± 

a = 2 ^''•ao 
(VI) 

*a'>k'yi7 . xe:^;i4lia&#t4AlaCd04,AliCo04, 
AlxCu04 , AlFeNi04 , Al iFoCVi . a 2Ngat, Al iMn()4 , Al >Ni04 , A 
liSn04«AlsZn04,CoaCua«,Co^;ea«,Co«Ng04,Co7SbxOxs,C 
osSfi04,Co3T104,CosZn(U,Coa04, (Co.Ni) sO4,CrsCd04, 
Cr2Fe04,Crs (Fe.Ng) 04,Cr2Mnai,CrsNi04,Cr3Zn04,FeC 
rNnCU^FeMn (Zno.sGeo.s) 04,FeaCoa«,Fe3Cuat,Fe2Ge 
04.FeaMgO«,Fei«gO*,Fea (Mg,Kn,Fe) O^.FeiMnO^^FeaMo 
04,Fe2Ni04,FeaTiai,Fe2Zr)04»Fe304a,Ga2Cd04,GasCo04, 
Ga3Cu04 ,6a2HgO« ,Ga2Ni04 ,Ga22n04 Jn3Hg04 , LiA ITIO* , L 
iCoSb04 ,UCoVO« .LiCrGeO^ , UCrMn04 .UCrTiO* , UFeTiO 
4 , UGaTiO* ,'LiGeRh04 , UJJnTiCU . LiNiVO* , U aNlF* , LLRhM 
nCU , UTifihO-i . U VTiO* , UZnSbO* , NgxGe04 , «g aSn04 , Ng aT 
iO« , Mgi VO. , «n 2Cu04 , Mn 2Li04 . Hn aNiO* , Kn aTi04 , Ni aGe 
04 , Ni aSiOi , Rh a£o04 , Rh aCu04 , Rh aMgOi , Rh aMnOt , Rh aZn 
04,f(na«gO4.na«n04,V2FeO4,VaU04,V2MgO4,VaTi04,V3Z 
n04»2nMn (Mgo.eTio.e) 04,Zn-rSbaOia,2naTi04,LiAl 
»0«,CuFe»0»,LiGa»0«&i;rtl^CDG9^. UltJB^i^Ti 

±E (VI) (001) tSA^e^Jlfc, »«t»fi± 

^C«^^LfcMaAlN^fl[^OE■^:Ji6a^C35tT. »^ 

a = 6*^*ao 
(SSSSl) 

»7iatt*?6fl8(o»i<^i5««&tt«-r40T*»j, % 

fiUfciW 5 M mtOXfitCft^S^-r-S n»InGaNii7. 
WW.Sm mOZn K-:/LT»»KtC Ufc»fitC*S^B 


(4) 1^^6-10 1 587 
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■ ^TiInGaNRitiI8,«5til(^«S9i:n«17CD^- 

^y^'msioA^iDfigi. mmsKjEo^ns,^. ««ioic 

^«^r«>^-C?7;i/5 -a'^?Ai:afe!nrr-5i:l5413ni 
10 0«^«i«*-C«5t5^43^;5'*-eti. 
(»K«|2) 

;i/^-rn||ia-C*U, AlaMg04«fill,M|5Mm©SnK 
--^InGaAlNi? ^ y K)il2.*aC0.5M mCD > > K-^I 
nGafifSitll3,iW2 Mm(^ZnK-"^p|gInGaAlNi^5y 

wCtC35xLfc±rcOInGaN&i;inGaAlNJitt, 

i'^y K»i:^tt«i:<^^<>K=»(f^y:/x:^;p:^ 
g/>*^.3eVi:>i:iJ:-itc, InGaAlNi? 5 y KJiCDfi*fe« 
13ia*^^»aA.^£. ^-LT, «ai5.16tc-C-n-rnfti:iE 
(^«a^iDx.^ci:t:J:y. «il5,l67&*^>-t*i-etv« 

(??»«3) 

g04|tSl7,»I5 Mm(^SnK-:/nmnGaAlWd;5y K 
*18,iW0.Um(Oy>K-:/InGaN?&ttJfl9,iU»2 p 
m Zn K - P I nGaA IN ^ y K « 20 . 2n K - P Jj^ In 
GaAlNd3<0i&^V21 ,Sn K-^ n JgInGaAlMil«>i&;^J|22, 
7 y K»(^3r- 5 y 5'«ffi23,n»i? 5 y KlCD;*- 
-^yi'«a24;&>e««>. 

CCtC5^Lfc±T(^InGaN&t/InGaAIN*tt, »S^C*8^ 
^y/x;^;Ui*fgd'*0.3eVi:''^«»J:'5^C, InGaAlNd^^y 

K«0ffiA&|gl3^/»^ea^A£. ^^ssnitsooMm 
fiH4iiwio.8Mm-c*«>. HRicasywiam^ 

XT^lAtt£,h(M (Catastrophic Optical Daiage) 
;i/&±lf «S23(1I««|M;C»'Io10m m^mtX 

Wg23,24i:-tn-eniEi:ft(^«ff&lraiL 
^. -^■c^J:•i^:T^>i:HR^cInP3R•«aAs»feffl^^fc« 
50 fi?>ii^U-ifi:|Biat:. S«?>ii^fll21i:220pnS^g'tctt 
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1^¥6-1 0 1587 


9 1 0 

«^-Krt*--C*o^. I«7t* (Al.Ga.In) fllb*<0 (001) ffi±CO»^^t 
CCTtt, «ttJfi:trinGaAlN&a^f£;&\ jCfikllg KV-^ y :/x:^;u:^i:or)H«S:m-r. 

^«'&"rififiaa)InGaAlN&a/<lX, InGaNfefSHiJlirb 1 -9-7T-<7ltfi 

r»^i:*Ji-3fc«SiS«<;DU— if&raWtcSf^-c* 2 nm^m 

pJ^i^7vKJfi:«ffii:(^(WIu:fiSttu:nt»J«t^>'<>K 4,5 

y^<r>9k^^lTCak]Sm(npmm^^'r y-fmt 20 6 NgOjKIS 

— WA^VT^ 7 n J^InGaNjf 

i:iO*«5)3c^it*jB[att, ««)r:&a-e*iri:tilr lO- 

e>*-Ct^xv>cii:-CI&i, 11 AlaHg04«fi 

12 Sn K-:/InGaAlN^7 v v K« 

^fl&«fti:iCXtf^:^£/-y;U)feR-r5ri:iC^y, 14 ZnK-:^In6aAlN5' 7 y KJl 

^jfe0««)r'>4H^aJt<^Mft;&'>»^)n^. -tc^iSJft. 15 p5&?j'-iyi'«« 

aaiMt^lRWt.prtlii'iU- *««2i:3lC^LfcJ:-2> 30 16 nJ&Jj--^ y 

^c«a^^iA^c<i:^J«3t;&^|fii:;5^:^^«JS;&•»*6. 17 AlaMg04|6S 

Ak:J:«>565fcttMlSS«liau:J:^«3t^y«Tav>^cav> is SnK-:^nGaAlNi7^y Kil 

(S«)5>4»*«»MISS«^i:ifc^TW:4;&*tC3Sv>«3fleA*^ 20 2nK-:/InGaAlN^?5y K)i 

^n-Cv^i. «fi»t^if(0^<0««»«i«rH, ft 21 2nK-T^nGaAlN^7y KJi 

SflE^Mftt^. ttoT. 22 SnK-yinGaAlNi?5v Kl 

5l3ti^-r*-KJ:U. <kU««SME(^Kv^ 23 p»;t-^yi?«« 

U-if*«*Ui\ *jra»Ccfcntf, J?««iCt>ijtbfe 24 ni^;t-$yi7«ft 


[S501 
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(119131 


13 
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IZ-Snr-rinOoAlM^vei 

13-y•-^-rlnOoCfcf 

14 - In K-r InOoAlN »»^Rf 

15- t*. 

16- t» 



17 - AUMgO»«& 

18 - Snr-TlnGoAIN Tt^M 

l9-/>r-rtaGoH€ftl 

20,21 - Znr-nnfioA!Mn'rB| 
22 •••$»» r-rinOaAtM7»,«f 
23^4 -tik 
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